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[Following  is  a  translation  of  the  article  '’Issledos/aniye 
stroyenlya  1  f iziko-ffiekhanicheskikl:!  svoyctv  splavov  dis- 
illtsida'niolibdena  s  nikelera.  kcbaltora,  vanadiyem  i_ 
niobiyew"  by  Ye.  M.  Savitskiy  and  V.V.  Baron  in  Do'Riaciy 
Institute!  Metallurgli  irnenl  A. A.  Baykova  (Norks  of  the 
■irrBntute  'H^Merttalurgy  line ni"  A  .A  ."Baykova) ,  Ko  5.  Produc 
tion  Metallurgy,  Physical  Metallurgy,  and  Physleachernlcal 
Methods  of  Research,  Moscow,  i960,  pages  156-l6l.j 


Investigations  of  the  phase  diagrams  of  the  alloys  of  cer¬ 
tain  reltractory  metals  vd.th  silicon  (1--4)  show  that  the 
sillcldcs  forined  in  the  systems  are  likewise  very  refractory 
and  many  of  them,  unlike  the  metals  forming  them,  possess 
chemical  resistance  to  oxidation  at  high  temperatures.  One 
of  these  compounds  is  molybaerium  dlcilicide  HoSi2. 

It  is  pclnted  out  in  the  literature  (5,  6)  that  this  corn-- 


oounci.  vihich  mcf'.ts 


C!  t 


ji'-'  1 


does  not  oxidize  at  iopO''  and 


haz  great  strength  at  high  ter^iperatura^2  even  In  xengthy  tesc 
vjith'a  lOO-hour" stress  at  93"  the  strength  of  MoSM^  is 
21  kg/  so  mm.  Its  electric  resistance-  is  close  to 'that  of 
such  materials  as  carbon  steel,  which  evidences  the  metal¬ 
lic  nature  of  this  compound  (7’)*  Ro'wever,  because  of  the 
high  brittleness  of  the  alloys  composed  of  molybdenum 
dicilicide,  especially  at  room  temperature,  its  use  as  a 
heat 


resisting  material  is  dil 


la-CUxt 


In  recent  years  a  nutTibex’  of  papers  have  appeuared  in  prinr 
on  the  manufaefar-e  of  metal  ceramics  consistrng  or^a  mixture 
of  inolybderjum  dlcilicide  'with  various  •  metallic  additions 
(Pt,  Ni,  Co,  Ti,  Zn,  Hf  and  others)  introduced  for  the  pur¬ 
pose  of  increasing  plasticity  (8-11)  .  j 

L_A5  a  result,  metal-ceramic  materials  have  been  obtained 
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•with  good  strength  at  high  tempera  turves  and  with  a  certain 
olasticity,  but  possessing  low  heat  reslstanca. 


There  are  aliaost  no  data  on  the  structure  and  properties 
of  oast  alloys  consisting  of  a  mi>.:t\jre  of  molybdenura  dicl- 
llcide  vJlth  othex’’  elements.,  ’which  is  apparently  crae  to  tlie 
difficulties  of  obtaining  such  samples  '(refractoriness, 
oxldability  of  the  component  elements  of  the  alloys,  great  _ 
Jiardness,  brittleness,  etc.). 

The  present  work  is  devoted  to  a  study  of  the  properties 
and  structure  of  alloys  of  triolybdenu’m  dlcilicide  v;lth  nickel 
cobalt,  vanadium  and  niobium.  For  tnia  purpose  we  prepared 
alloys  of  the  quaslblnary  sections  MoSip~Ni,  MoSl2~Co, 
MoSip-V,  and  MoSip-Nb.  The  alloys  were*^" prepared  in  three 
v^ayst  melting  In^an  arc  furnace  in  an  argon  or  helium 
atmosphere  with  an  infusible  tungsten  electrode;  melting  in 
a  high-frecraency  vacuum  furnace:  and  production  of  alloys 
by  retnelt'ing  the  molybdenum  diciliclcje  prepared  in  the  arc 
f’arnace  in  an  open  high-frequency  circuit  vJith  argon  blast 
and  subsequent  introduction  of  the  above-i-nenti.e/ned  rixetals 
into  the  alloys.  The  compotsltion  of  the  cast  alloys  by 
charge  and  chemical,  analysis  is  given  in  table  1. 

The  alloys  with  rd.obium  and  vanadium  were  prepared  in 
the  arc  furnace.  The  alloys  with  nickel. ana  cobalt  were  at^ 
c-irst  melted  in  the  high-frequericy  vacuum  fup-naoe  and  poureo. 
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in  an  arc  furnace*  to  v^hichrickel  or  cobalt  tnrt^n  ao...6^ 


u .L  yy  »  y/f'  >  ^  , 

fBiriplos  \^i6r6  n‘iH(3.6  of  ths  allo'^ys  for  fuos. 
iBiie  strength  and  plasticity  and  for  inyes- 
^nstructure .  as  bb  for  determining  the 


The  strength  and  plasticity  of  the  brittle  and.  very  hard 
samples  were  detei’rnineci  under  uniaxial  compression  and,  in 
the  case  of  alloys  amenable  to  cutting,  their  properties 
under  stretching  were  also  deterralned. 

Study  of  the  microstructure  of  the  alloys  with  vanadipa 
and  niobium  cast  and  roasted  in  a  vacuum  at  1200  fox’  6  nour 
showed  that  all  of  them  are  two-phased.  The  alioys  contain- 
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Legend  to  Table  li  1)  Composition  by  charge,  $  by  weight;  2)  Com¬ 
position  by  ehemi.cal  arsalysis,  ^  by 
and  3)  Residual. 

[Table  1  continued  on  following  page,] 
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ing  from  ■*1-0  50  60^  V  have  small  quantities  of  incliasions  of 
the  second  phase  and  apparently  in  these  areas  of  concenti’a- 
tion  a  metal  compound  is  formed  in  this  system, -as  indicated 
by  the  increased  hardness  and  higher -meltine:  point  (about 
1950°)  as  compared  with  the  other  alloys  of  ""this  system.  No 


solubility  vjas  observed  in  the 
the  intervals  of  concentration 


solid  state  of 
Investigated . 


the  alloys  in 


The  Investigation  of  the  microstructure  of  the  alloys  with 
nickel  and  cobalt  case  and  roasted  in  air  for  6  hours  at 
1200°  revealed  that  solid  solutions  with  a  nickel  or  cobalt 
base  are  formed  in  these  systems,  and  further  increase  in 
the  MoSi2  content  results  in  the  appeai'ance  of  eutectic. 

The  melting  point  of  the  latter  in  the  MoSio-Ni  system  is 
about  1250°,  and  in  the  MoSi2Co  system  about  1300°,  The  ’ 
other  alloys  also  consist  of  tvjo  and  threp  phases. 


The  hardness  of  the  alloys  was  measured  at  20  and  1000°. 


a) 


T'lils  vjas  done  by  the  method  of  precssing  in  a  pobedite 
[alloy  of  tungster;)  carbide  particles  cermanted  v<ith  cobalt j 
corie  with  loads  of  50  aod  IOC  kg.  In  heating  to  1000^ ^  the 
alloys  of  nu'jlybdenum  viltn  silicon  and  vanadium  and  of  rnoly- 
cdcnum  -witn  allicon  and  niobium  were-  blaisted  with  argon  to 
protect  t;bon:  from  oxidatj.on.  The  alloys  of  the  MoSl.----r51 
section  proved  very  hai’d  at  room  temperature^  especially  vrlth 
5'>/5  hi,  I'S.p/S  Si  and  31-5/^  Mo  content.  -The  Viardriess  of 
_  his  alloy  rea;faed  7C0  kg/sq  mm.  with  increase  of  the  nickel 
coi’tont  the  hardness  drops  and  with  a.n  alloy  having  90fi  Ml 
it  reaches  170  kg/aq  mrri.  At '1000'"'  the  har'drje.ss  values  are 
much  less;  the  greatest  hardness  In  this  case  is  acqalred 
by  alloys  containing  small  q'aantlties  of  nickel  (for  ex- 
smpXa  10»)  anc3  constructed  mainly  of  koSi^.  An  increase  li¬ 
the  nickel  content  to  50pt  lo-wcr-a  the  hardheGs  of  those 
alloys  at  10-0v)“.  when  its  concentration  is  fro.m  9^  to 
the  hardnes;:  of  the  alloys  changes  little  and  averages  30 
kg/sq  mm  (Table  2)\ 
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The  strength  of  alloys  with  small  nickel  contents  is 
small  and  they  are  brittle.  With  increase  in  its  content, 
the  strength  gro'ws,  and  alloys  vjith  70  and  Ni  are  strong¬ 
est  (240-250  kg/sq  mm).  An  alloy  vjlth  90/  Ki  does  not  shatter 
under  corapre salon . 


The  plasticity  of  alloys  grows  with  increase  in  nickel 
content  and  in  an  alloy  ^\^ith  80/  Ni  it  is  49/  under  compres¬ 
sion,  and  in  an  alloy  with  90/  Ni  it  Is  62/. 

In_  stretching  tests  the  alloy  vjlth  80/  Ni  (  ^  -  85  kg/ 
sq  mm)  proved  the  strongest  and  the  alloy  with  90/  Ni  the 
most  plastic  31/)* 

A  similar  change  in  hardness  at  20  and  1000°  and  of 
strength  under  compression  and  tension  was  also  observed  in 
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•alloys  of  the  MoSip-Co  section  with  an  increase  In  the 
cobalt  conterrt  (Table  3),  v?ith  the  sole  difference  that  'the 
ccreatest  har<3nes53  in  this  case  was  obBerved  in  the  alloy 
■^ith  Co.  Alloya  with  70-8C^S  Co  pcseess  the  greatest 
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The  alloys  of  the  fioSip-V  and  MoSip-Kb  section  proved 
vor;)''  hard  not  only  at  roorii  ternperatiire* .  ■  but  also  at  I'JOO'' . 
The" alloys  with  vanadium  are  especially  hard  when  they  con 
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greater  than  the  sti’ength  of  vaviadium  itself. 

The  MoSlo-V  samples  oxidate  str*or:.gly  at  high  tsraperatures 
and  esoeeiaily  with  a  high  concentration  of  variadiuiru  Plas¬ 
ticity’ is  detected  only  in  the  alloy  containing  90;^  V  arui 
allov?lr;£  of  settling,  by  14^  before  shattering. 


The  .hardness  of  the  alloys  of  the  ,MoSip-Nb  section^  ie 
somewhat  lovier-  at  room  temperature  than  iri  trie  preceding 
case,  but  at  1000°  the  softening  of  the  alloys  is  less  and 
their  hardness  is  so  great  that  w’e  did  not  succeed  in  measur 
Ing  it  vjlth  the  rjo’oedite  cone  (Tab.le  5)  >  can  on.Ly  ViOte 

that  the  alloy  wiTTf  ^yf'Wo  at  1000°  has  a  hardness  of  310 
kg/cq  n'in,  , 

The  strength  of  alloys  with  a  small  niobium  content  is 
also  very  low.  especially  in  alloys  with  30>o  Mb.  Mhen  its 
nontev't  ,s  raiaeci  to  mere  than  30/;i,  the  strengV-fi  grow/s  ana 
readies  a  niSximuin  at  80'f-  NB  (20,5  kg/sq,  mm).  The  _  strength 
of  niobium  under  corapi'’ession  could  not  be  determined  because 
of  its  aonsidei:’able  plasticity. 

Tho  plasticity  of  the  alloys  of  the  Ji^oSi2~N'D  system  la 
low  and"  only  when  the  Nb  content  is  90‘/^  is  the  alloy  ^  derox’rae 
before  shattering  under*  15/V  compress'icn .  The  oxidaoliity  01 
the  sij.oys  v'lth  rilobiutn  at  1000°  1b  considerably  less  y^na-u 
when  vanadium  is  added. 


CONCLUSIONS 


1.  The  alloys  of  the  MoSlp-“Nl.,  MoSl^_j--Cc,  MoS±p--V  and 
Mo3ip--Mb  sections  at  room  tempejcatui'e  possess  high  “har-dness 
and  lo'rf  strength  and  plasticity  when  they  contain  less  than 
6O-705&  by  v^eight  of  the  added  elerrsents.  Hardness  at  1000® 
is  also  high  and  reaches  especially  great  values  in  alloys 
V'jitb  rviobium  and  vanjadlmn  (‘300-900  kg/sq  inm)  .  The  st'rerigth- 
•of  the  alloys  grows  'when  the  content  of  metals  added  to  the 
MoSi2  iB  Increased  above  60-70‘}b,  and  remains  high  In  all 
alloys  except  those  with  vanadium,  being  200-2.30  kg/sq  mm. 


2.  The  most  promising  In  their  mechanical  propertievS 
and  their  resistance  to  oxidation, at  high  temperatures  are 
the  alloys  of  the  Mo-Si -Ni  and  Mo-Si-Co  systems  In  the  con 
centration  interval  from  JO  to  80/>  Ni  and  from  JO  to90fo  Co 
These  alloys  possess  considerable  strength,  plasticity  and 
comparatively  high  hardness  at  1000®,  and  can  be  subjected 
to  mechanical  working. 


Tine  alloys  a  high  niobium  content  (80-90jie)  also 

possess  considerable  strength  and  very  high  hardness  at 
1000®,  oxidizing  moderately  at  high  teraperatures . 
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